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(57) ABSTRACT 
Embodiments of the present invention provide increased dis 
tance between Vias and neighboring metal lines in a back end 
of line (BEOL) structure. A copper alloy seed layer is depos 
ited in trenches that are formed in a dielectric layer. The 
trenches are then filled with copper. An anneal is then per 
formed to create a self-forming barrier using a seed layer 
constituent, such as manganese, as the manganese is drawn to 
the dielectric layer during the anneal. The self-forming bar 
rier is disposed on a shoulder region of the dielectric layer, 
increasing the effective distance between the via and its 
neighboring metal lines. 
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1. 

METHOD AND STRUCTURE TO REDUCE 
THE ELECTRIC FELD IN 
SEMCONDUCTOR WIRING 

INTERCONNECTS 

FIELD OF THE INVENTION 

The present invention relates generally to semiconductor 
fabrication, and more particularly, to back-end-of-line 
(BEOL) structures and methods of formation. 10 

BACKGROUND OF THE INVENTION 

In modern integrated circuits (ICs), high levels of function 
ality are achieved on a single chip by integrating large num- 15 
bers of devices. One process commonly employed in achiev 
ing high circuit densities is by using back-end-of-line 
(BEOL) interconnect structures to link numerous devices, 
thereby forming a complex integrated circuit. BEOL inter 
connect structures are often fabricated by damascene pro- 20 
cesses, such as a dual damascene process in which a dielectric 
layer is deposited, vias and trenches are etched in the dielec 
tric layer, and the vias and trenches are filled with a conductor 
using a single blanket deposition followed by planarization. 
This process is replicated to stack different conductive and via 25 
levels to create a multi-level, high density framework of con 
ductive interconnections. As feature sizes continue to shrink 
with advances in technology, the dimensions of the intercon 
nect structure spacing and thicknesses of the dielectric layers 
are correspondingly reduced. Reduced spacing between 30 
interconnect structures creates the potential for various 
issues, such as dielectric breakdown. It is therefore desirable 
to have improved BEOL interconnect structures and methods 
for fabricating BEOL interconnect structures to mitigate the 
aforementioned issues. 35 

SUMMARY OF THE INVENTION 

In a first aspect, embodiments of the present invention 
provide a method of forming a semiconductor structure, com- 40 
prising: forming a plurality of M(x) trenches in a first dielec 
tric layer thereby creating a shoulder region on a top Surface 
of the first dielectric layer; forming a manganese copper alloy 
seed layer on the first dielectric layer; filling the plurality of 
M(x) trenches with copper to form a plurality of M(x) copper 45 
regions; annealing the plurality of M(x) copper regions to 
form a manganese silicate liner between the first dielectric 
layer and the M(x) copper regions; recessing the plurality of 
M(x) copper regions to a level below a top surface of the first 
dielectric layer, thereby leaving the manganese silicate liner 50 
on the top surface of the first dielectric layer and forming a 
plurality recessed M(x) copper regions; forming a blanket 
capping layer over the manganese silicate liner on the top 
surface of the first dielectric layer and the plurality of recessed 
M(X) copper regions; forming a second dielectric layer over 55 
the blanket capping layer; forming an opening in the second 
dielectric layer and the blanket capping layer to expose one of 
the plurality of M(x) copper regions and an adjacent portion 
of the manganese silicate liner on the top surface of the first 
dielectric layer, and filling the opening in the second dielec- 60 
tric layer with metallurgy to form a via, wherein the via has a 
non-planar bottom surface comprising a lower portion and an 
upper portion, wherein the lower portion of the non-planar 
bottom surface of the via in electrical contact with the one of 
the plurality of M(x) copper regions previously exposed, and 65 
wherein an upper portion of the non-planar bottom surface of 
the via is in contact with the manganese silicate liner on the 

2 
first dielectric layer. In a second aspect, embodiments of the 
present invention provide a semiconductor structure compris 
ing: an M(x) copper region in a dielectric layer, wherein a 
shoulder region of the dielectric layer are adjacent to, and 
above each of the M(x) copper regions; a barrier layer dis 
posed on the shoulder region, a sidewall of the M(x) copper 
region, and an underside of the M(x) copper region; a via in 
electrical contact with the first M(x) copper region, wherein 
the via has a non-planarbottom Surface; and a via barrier layer 
disposed on sidewalls of the via. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The structure, operation, and advantages of the present 
invention will become further apparent upon consideration of 
the following description taken in conjunction with the 
accompanying figures (FIGS.). The figures are intended to be 
illustrative, not limiting. 

Certain elements in Some of the figures may be omitted, or 
illustrated not-to-scale, for illustrative clarity. The cross-sec 
tional views may be in the form of "slices’, or “near-sighted 
cross-sectional views, omitting certain background lines 
which would otherwise be visible in a “true” cross-sectional 
view, for illustrative clarity. 

Often, similar elements may be referred to by similar num 
bers in various figures (FIGS.) of the drawing, in which case 
typically the last two significant digits may be the same, the 
most significant digit being the number of the drawing figure 
(FIG.). Furthermore, for clarity, some reference numbers may 
be omitted in certain drawings. 

FIG. 1A is a semiconductor structure at a starting point for 
embodiments of the present invention. 

FIG. 1B is a semiconductor structure after a subsequent 
process step of depositing a seed layer. 

FIG. 1C is a semiconductor structure after a subsequent 
process step of depositing a copper layer. 

FIG. 1D is a semiconductor structure after a subsequent 
process step of performing an anneal to form a barrier layer. 

FIG. 1E is a semiconductor structure after a subsequent 
process step of performing a recess of the copper material. 

FIG. 1F is a semiconductor structure after a subsequent 
process step of depositing a blanket capping layer and an 
additional dielectric layer. 

FIG. 1G is a semiconductor structure after a subsequent 
process step of forming a via cavity. 

FIG. 1H is a semiconductor structure after a subsequent 
process step of opening an M(x) copper region. 

FIG. 1i is a semiconductor structure after a subsequent 
process step of forming a via. 

FIG. 1J is a semiconductor structure in accordance with 
alternative embodiments after a Subsequent process step of 
forming a via. 

FIG. 2A is a semiconductor structure inaccordance with an 
alternative embodiment of the present invention, following 
from FIG. 1E, after a Subsequent process step of depositing a 
copper-selective capping layer and an additional dielectric 
layer. 

FIG. 2B is a semiconductor structure after a subsequent 
process step of forming a via cavity. 

FIG. 2C is a semiconductor structure after a subsequent 
process step of opening an M(x) copper region. 

FIG. 2D is a semiconductor structure after a subsequent 
process step of forming a via. 

FIG. 3 is a flowchart indicating process steps for embodi 
ments of the present invention. 
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FIG. 4 is a flowchart indicating process steps for alternative 
embodiments of the present invention. 

DETAILED DESCRIPTION 

Embodiments of the present invention provide increased 
distance between Vias and neighboring metal lines in a back 
end of line (BEOL) structure. A copper alloy seed layer is 
deposited in trenches that are formed in a dielectric layer. The 
trenches are then filled with copper. An anneal is then per 
formed to create a self-forming barrier using a seed layer 
constituent, such as manganese, as the manganese is drawn to 
the dielectric layer during the anneal. The self-forming bar 
rier is disposed on a shoulder region of the dielectric layer, 
increasing the effective distance between the via and its 
neighboring metal lines. 

FIG. 1A is a semiconductor structure 100 at a starting point 
for embodiments of the present invention. A dielectric layer 
102 has a plurality of trenches 104A, 104B, and 104C formed 
therein. The dielectric layer may be an interlayer dielectric 
(ILD), and may be comprised of silicon oxide, or other Suit 
able material. The dielectric layer 102 may be part of a BEOL 
stack that may include multiple metal and via layers. In this 
disclosure, the term “M(x) denotes a generic metal level, 
while the term “M(x+1) denotes a metal level that is one 
level above metal level M(x). In embodiments, there may be 
10 or more metal levels in an integrated circuit, with via levels 
connecting the adjacent metal levels. In Subsequent process 
steps, metallization lines for metal level M(x) will be formed 
in the trenches 104A-104C. 

FIG. 1B is semiconductor structure 100 after a subsequent 
process step of depositing a copper alloy seed layer 106. In 
embodiments, the seed layer may be deposited using a physi 
cal vapor deposition (PVD) process. The seed layer 106 
serves multiple purposes. It provides adhesion for a Subse 
quent copper fill process. Additionally, the copper alloy 
serves to provide a self-forming barrier after an anneal pro 
cess. In embodiments, the seed layer 106 is a copper manga 
nese alloy (CuMn). In other embodiments, the seed layer 106 
may comprise other materials to create a self-forming barrier. 
The other materials included in seed layer 106 may include, 
but are not limited to, aluminum, germanium, magnesium, 
nickel, and titanium. Thus, in embodiments, the seed layer 
106 may include CuAl, CuGe. CuMg,CuNi, or CuTi. In some 
embodiments, a conformal film may be deposited by chemi 
cal vapor deposition (CVD) prior to the seed layer. In embodi 
ments, the conformal film is comprised of ruthenium or 
cobalt. 

FIG. 1C is semiconductor structure 100 after a subsequent 
process step of depositing a copper layer 108. The copper 
layer 108 may be deposited using an electroplating process or 
other suitable technique. The copper layer 108 adheres to 
copper alloy seed layer 106 during the electroplating process. 

FIG. 1D is semiconductor structure 100 after a subsequent 
process step of performing an anneal to form a barrier layer 
110. In embodiments that utilize a CuMn seed layer 106, the 
resulting barrier layer may be manganese silicate (MnSiO3). 
In embodiments, the anneal may be performed at a process 
temperature ranging from about 100 degrees Celsius to about 
450 degrees Celsius for a duration ranging from about 1 
minute to about 60 minutes. This anneal is engineered to drive 
dopants to the dielectric interface. 

FIG. 1E is semiconductor structure 100 after a subsequent 
process step of performing a recess of the copper material to 
form copper regions 108A, 108B, and 108C. In embodi 
ments, the recess may be performed using a chemical 
mechanical polish (CMP) process, by adjusting the param 
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4 
eters of the CMP tool to intentionally achieve an over-polish 
condition. Additionally, a wet etch process may be used to 
further etch the copper regions. The wet etch may include an 
SC-1 (ammonium hydroxide and/or hydrogen peroxide) 
etchant. In another embodiment, the wet etch process may 
comprise analanine wet etch. The copper regions 108A-108C 
are recessed to a depth D1 below the top surface 109 of the 
dielectric region 102. In embodiments, D1, may range from 
approximately one third of the trench width W2 to roughly the 
same distance as W2. In embodiments, D1 ranges from about 
10 nanometers to about 30 nanometers below the top surface 
109 of the dielectric layer 102. If D1 is too small, the sepa 
ration between the landing via and the adjacent line below is 
reduced. That in turn creates the need to significantly tighten 
the overlay tolerances, and adversely impacts the product 
yield. If D1 is too large, it places a burden on the yield of the 
landing vias. This is because the anisotropic etching (e.g. 
using RIE) of the vias typically becomes more difficult as it 
has to traverse longer vertical distances. One advantage of 
embodiments of the present invention is that the via opening 
can be larger than the line width, which helps the via cavity 
formation process. The self-forming barrier 110 is disposed 
on a shoulder region (indicated generally as 111) of the 
dielectric layer 102. The shoulder regions 111 are disposed 
above and between each of the copper regions 108A, 108B, 
and 108C. Copper regions 108A, 108B, and 108C are M(x) 
copper regions. The barrier layer 110 is disposed on the 
shoulder region 111, sidewall portions 113 of each M(x) 
copper region, and underside 115 of each M(x) copper region. 
FIG.1F is semiconductor structure 100 after a subsequent 

process step of depositing a blanket capping layer 112 and 
then depositing an additional dielectric layer 114. In embodi 
ments, dielectric layer 114 may be comprised of the same 
material as dielectric layer 102. In other embodiments, 
dielectric layer 114 may be of a different material than dielec 
tric layer 102. In embodiments, capping layer 112 is com 
prised of at least two of silicon, nitrogen and carbon, and may 
include silicon nitride (SiN). In other embodiments, capping 
layer 112 is comprised of silicon carbon nitride (SiCN), sili 
con oxynitride SiON, or other suitable material. In embodi 
ments, the capping layer 112 is deposited using a chemical 
vapor deposition (CVD) process or plasma-enhanced chemi 
cal vapor deposition (PECVD) process. 

FIG. 1G is semiconductor structure 100 after a subsequent 
process step of forming a via cavity. This may be accom 
plished by patterning a hardmask layer (not shown) utilizing 
industry-standard lithographic and patterning techniques, 
followed by an anisotropic etch to form via cavity 116. In 
embodiments, the anisotropic etch is performed using a reac 
tive ion etch (RIE) process. The via cavity has a width W1. 
while the copper region 108B has a width W2. In embodi 
ments, width W1 is greater than width W2. In embodiments, 
width W2 ranges from about 20 nanometers to about 40 
nanometers, and width W1 is about 10 percent to about 20 
percent larger than width W2. The larger width W1 makes the 
via cavity 116 that is above copper region 108B less sensitive 
to overlay errors, and also can serve to relax the lithographic 
requirements for making the via cavity 116. 

FIG. 1H is semiconductor structure 100 after a subsequent 
process step of opening an M(x) copper region 108B. Copper 
region 108B represents a metallization line at metal level 
M(x). After subsequent process steps, via cavity 116 will hold 
a via that connects copper region 108B to a metallization line 
at level M(x+1). The opening of copper region 108B may be 
accomplished by utilizing a selective etch process to remove 
the capping layer 112 that is exposed in via cavity 116. For 
example, if capping layer 112 is comprised of silicon nitride, 
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and dielectric layer 114 is comprised of silicon oxide, then 
there are a variety of known etch techniques for selectively 
removing the capping layer 112, while preserving the dielec 
tric layer 112, and the barrier layer 110. The barrier layer 110 
may serve as an etch stopping layer during the formation of 
via cavity 116. 

FIG. 1 i is semiconductor structure 100 after a subsequent 
process step of forming a via 118. The via cavity 116 (FIG. 
1H) is filled with metallurgy, which may include copper. The 
bottom of the via is in contact with the shoulder regions of 
dielectric (see 111 of FIG. 1E), thus forming a non-planar 
bottom of the via. First, a via barrier layer 122 is formed on the 
sidewalls of the via cavity 116, as well as the top of dielectric 
layer 114. The via barrier layer 122 serves to prevent diffusion 
of copper into the dielectric layer 114. In embodiments, the 
via barrier layer 122 is comprised of MnSiO3. 

Further illustrated in FIG. 1 i is the shoulder separation 
distance X, which represents the distance from the nearest 
corner of an adjacent M(x) metal region to where shoulder/ 
sidewall meeting point of the via 118. In embodiments, the 
dimension X ranges from about 0.35 times the metal region 
pitch P to about 0.7 times the metal region pitch P. In some 
embodiments, the pitch P may be approximately twice the 
metal width W2. In comparison, without the benefits of 
embodiments of the present invention, the via 118 would 
extend through the shoulder to point 129, resulting in a via 
separation distance Y, where Y<X. Thus, embodiments of the 
present invention create a greater separation between M(x) 
metal regions and adjacent overlying vias. The greater sepa 
ration results in a decreased electric field, which allows for the 
same Voltages to be used at reduced dimensions, and serves to 
reduce the probability of time-dependent dielectric break 
down (TDDB). 

Continuing with FIG. 1i, the via has a body which is adja 
cent dielectric 114 and a via bottom along 112 and the under 
lying copper region 108B. It can be seen that via 118 may 
have bottom which is non-planar. As a result, the bottom of 
the via may have two widths. It may have a first width W3 in 
an upper portion of the non-planar bottom of the via, and a 
second width in a lower portion of the non-planar bottom of 
the via where it meets the copper region 108B. Accordingly, 
the lower width of the bottom of the via will most likely equal 
the width of underlying trench, W2. Thus, the width W3 in the 
upper portion of the via bottom may be greater than (wider 
than) the via bottom at the lower portion of the via bottom. 
The width of the via cavity, W1, may be greater than or equal 
to the width W3 of the upper portion of the non-planar via 
bottom. 

FIG. 1J shows another embodiment in which an additional 
liner 127 which may be comprised of ruthenium or cobalt 
may be deposited using a chemical vapor deposition process, 
prior to the deposition of barrier layer 122. In such a case, 
manganese from a CuMn Seed layer diffuses through the 
cobalt or ruthenium film to form the barrier layer 122 (e.g. 
MnSiO3) at the dielectric interface. The additional liner 127 
may be in direct contact with the M(x) copper region 108B 
and the via 118. In other embodiments, not shown. The barrier 
layer may comprise Ta and/or TaN. It will form on the side 
walls of the via opening and on top of the underlying copper 
region 108B so as to contact a portion of the copper region 
108B. In this embodiment, an additional liner 127 comprising 
ruthenium or cobalt or manganese may be formed on the Ta 
containing barrier layer 122. 

FIG. 2A is a semiconductor structure 200 in accordance 
with an alternative embodiment of the present invention, fol 
lowing from FIG. 1E, after a subsequent process step of 
depositing a copper-selective capping layer and an additional 
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6 
dielectric layer. As stated previously, similar elements may be 
referred to by similar numbers in various figures (FIGS.) of 
the drawing, in which case typically the last two significant 
digits may be the same. For example, dielectric layer 202 of 
FIG. 2 is similar to dielectric layer 102 of FIG. 1. With 
semiconductor structure 200, instead of using a blanket cap 
ping layer Such as 112 of FIG. 1F, a copper-selective capping 
layer 213 is deposited. The copper-selective capping layer 
213 does not deposit on the barrier layer 210 that is disposed 
on dielectric layer 202. In embodiments, the barrier layer 210 
is comprised of MnSiO3 that self-forms during an anneal. 
Thus, the copper-selective deposition process deposits cap 
ping layer 213 only on the metal lines 208A,208B, and 208C. 
In embodiments, the copper-selective capping layer is com 
prised of cobalt. In other embodiments, the copper-selective 
capping layer is comprised of cobalt tungsten phosphorus 
(CoWP). In other embodiments, the copper-selective capping 
layer is comprised of ruthenium and/or nickel. 

FIG. 2B is semiconductor structure 200 after a subsequent 
process step of forming a via cavity 216. This may be accom 
plished by patterning a hardmask layer (not shown) utilizing 
industry-standard lithographic and patterning techniques, 
followed by an anisotropic etch to form via cavity 216. In 
embodiments, the anisotropic etch is performed using a reac 
tive ion etch (RIE) process. The via cavity has a width W3. 
while the copper region 208B has a width W2. In embodi 
ments, width W3 is greater than width W2. In embodiments, 
width W3 ranges from about 20 nanometers to about 40 
nanometers, and width W3 is about 10 percent to about 20 
percent larger than width W2. As shown, via cavity 216 is 
off-center from copper region 208B, illustrating the effects of 
an overlay error. The larger width W3 makes the via cavity 
less sensitive to overlay errors, and also can serve to relax the 
lithographic requirements for making the via cavity 216. 
Thus, even if the via cavity 216 is off center with respect to the 
copper region 208B, the via still fully contacts the metal 
wiring below. 

FIG. 2C is semiconductor structure 200 after a subsequent 
process step of opening an M(x) copper region 208B. Copper 
region 208B represents a metallization line at metal level 
M(x). After subsequent process steps, via cavity 216 will hold 
a via that connects copper region 208B to a metallization line 
at level M(x+1). The opening of copper region 208B may be 
accomplished by utilizing a selective etch process to remove 
the capping layer 213 that is exposed in via cavity 216. 

FIG. 2D is semiconductor structure 200 after a subsequent 
process step of forming a via 218. First, a via barrier layer 222 
is formed on the sidewalls of the via cavity 216. The via 
barrier layer 222 serves to prevent diffusion of copper into the 
dielectric layer 214. In embodiments, the via barrier layer 222 
is comprised of MnSiO3. In other embodiments, the via bar 
rier layer 222 is comprised of tantalum nitride (TaN). Other 
materials are possible for via barrier layer 222. The via barrier 
layer 222 may be deposited via atomic layer deposition 
(ALD), physical vapor deposition (PVD), or other suitable 
method. Then the via cavity is filled with copper to form via 
218. Metal deposition may then continue with formation of an 
M(x+1) metallization line 220. Alternatively, a single dama 
scene process may be used to form the via, Such as illustrated 
in FIG. 1 i. 
As can now be appreciated, embodiments of the present 

invention provide increased spacing between a via and neigh 
boring metal lines. The self-forming barrier continues from 
the trench sidewall and on to the shoulder regions of the 
dielectric that is disposed between the lines. Due to the cur 
Vature of the shoulder regions, the distance between vias and 
neighboring metal lines is increased. The longer path results 
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in a decreased electric field, which allows for the same volt 
ages to be used at reduced dimensions, and serves to reduce 
the probability of time-dependent dielectric breakdown 
(TDDB). 

FIG. 3 is a flowchart 300 indicating process steps for 
embodiments of the present invention. In process step 350, 
trenches are formed in a dielectric layer (see FIG. 1A). In 
process step 352, a copper alloy seed layer is deposited (see 
106 of FIG. 1B). In embodiments, the copper alloy seed layer 
may comprise a copper-manganese alloy. In process step 354. 
a copper layer is deposited (see 108 of FIG. 1C). The copper 
layer may be deposited by an electroplating process. In pro 
cess step 356, an anneal is performed. This causes a self 
forming barrier layer to form along the dielectric layer (see 
110 of FIG. 1D). In the case of a copper-manganese seed 
layer, the manganese (Mn) migrates to the dielectric Surface 
(at an elevated process temperature of the anneal) and forms 
an MnSiO3 film, which is a dielectric film. In process step 
358, a recess is performed. This may include a CMP over 
polish, and/or a wet etch, Such as a SC-1 (ammonium hydrox 
ide and/or hydrogen peroxide) or an alanine wet etch. 

In process step 359, an additional dielectric layer is formed 
(see 114 of FIG. 1F), and a recess is formed to create a via 
cavity (see 116 of FIG. 1G). In process step 360, a capping 
layer is deposited on the metallization lines. This may include 
depositing a blanket capping layer (see 112 of FIG.1F), or a 
copper-selective capping layer (see 213 of FIG. 2B). In pro 
cess step 362, a via opening is formed in the upper dielectric 
layer and the underlying M(x) metallization line is exposed 
(see 116 of FIG. 1H). In process step 364, a via barrier layer 
is formed (see 112 of FIG. 1i). The via barrier layer serves as 
a liner to prevent copper diffusion into the dielectric layers. In 
process step 366, the via is filled with copper, such as a by a 
single damascene process, (see 118 of FIG. 1i). From this 
point forward, industry-standard techniques may be used to 
complete the fabrication of the integrated circuit (IC). These 
steps may include additional back-end-of-line (BEOL) layer 
formation, followed by packaging and test. 

FIG. 4 is a flowchart 400 indicating process steps for alter 
native embodiments of the present invention. In process step 
450, trenches are formed in a dielectric layer (see FIG. 1A). In 
process step 452, trenches are filled with a copper alloy using 
a reflow process, without a plating operation. In embodi 
ments, this process step may start with a conformal CVD 
cobalt or ruthenium film. Then, a Physical Vapor Deposition 
(PVD) process may be used to deposit Cu with the Mn (or 
other dopant), followed by a Cu reflow process. One way to 
achieve Cu reflow is by controlling the wafer process tem 
perature (in some embodiments, keeping the wafer process 
temperature in the range of about 200 degrees Celsius to 
about 400 degrees Celsius) and argon ion bombardment 
which results in bottom-up fill for the smaller features with 
out using plating. The thermal budget of this process may be 
adequate to drive the Mn to the dielectric interface, but an 
additional anneal may be used if necessary to complete the 
Mn diffusion. In process step 456, an anneal is performed. In 
process step 458, a recess is performed. This may include a 
CMP over-polish, and/or a wet etch, such as a SC-1 (ammo 
nium hydroxide and/or hydrogen peroxide) or analanine wet 
etch. In process step 459, an additional dielectric layer is 
formed (see 214 of FIG. 2A), and a recess is formed to create 
a via cavity (see 216 of FIG. 2B). 

In process step 460, a capping layer is deposited on the 
metallization lines. This may include depositing a blanket 
capping layer (see 112 of FIG. 1F), or a copper-selective 
capping layer (see 213 of FIG. 2B). In process step 462, a via 
opening is formed in the upper dielectric layer and the under 
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8 
lying M(x) metallization line is exposed (see 116 of FIG.1H). 
In process step 464, a via barrier layer is formed (see 112 of 
FIG. 1i). The via barrier layer serves as a liner to prevent 
copper diffusion into the dielectric layers. In process step 466, 
the via is filled with copper (see 118 of FIG. 10. From this 
point forward, industry-standard techniques may be used to 
complete the fabrication of the integrated circuit (IC). These 
steps may include additional back-end-of-line (BEOL) layer 
formation, followed by packaging and test. 

Although the invention has been shown and described with 
respect to a certain preferred embodiment or embodiments, 
certain equivalent alterations and modifications will occur to 
others skilled in the art upon the reading and understanding of 
this specification and the annexed drawings. In particular 
regard to the various functions performed by the above 
described components (assemblies, devices, circuits, etc.) the 
terms (including a reference to a “means') used to describe 
Such components are intended to correspond, unless other 
wise indicated, to any component which performs the speci 
fied function of the described component (i.e., that is func 
tionally equivalent), even though not structurally equivalent 
to the disclosed structure which performs the function in the 
herein illustrated exemplary embodiments of the invention. In 
addition, while a particular feature of the invention may have 
been disclosed with respect to only one of several embodi 
ments, such feature may be combined with one or more 
features of the other embodiments as may be desired and 
advantageous for any given or particular application. 
What is claimed is: 
1. A method of forming a semiconductor structure, com 

prising: 
forming a plurality of M(x) trenches in a first dielectric 

layer thereby creating a shoulder region on a top surface 
of the first dielectric layer; 

forming a manganese copper alloy seed layer on the first 
dielectric layer; 

filling the plurality of M(x) trenches with copper to form a 
plurality of M(x) copper regions; 

annealing the plurality of M(x) copper regions to form a 
manganese silicate liner between the first dielectric layer 
and the M(x) copper regions; 

recessing the plurality of M(x) copper regions to a level 
below a top surface of the first dielectric layer, thereby 
leaving the manganese silicate liner on the top Surface of 
the first dielectric layer and forming a plurality recessed 
M(X) copper regions; 

forming a blanket capping layer over the manganese sili 
cate liner on the top surface of the first dielectric layer 
and the plurality of recessed M(x) copper regions; 

forming a second dielectric layer over the blanket capping 
layer; 

forming an opening in the second dielectric layer and the 
blanket capping layer to expose one of the plurality of 
M(X) copper regions and an adjacent portion of the man 
ganese silicate liner on the top surface of the first dielec 
tric layer; 

filling the opening in the second dielectric layer with met 
allurgy to form a via, wherein the via has a non-planar 
bottom Surface comprising a lower portion and an upper 
portion, wherein the lower portion of the non-planar 
bottom surface of the via in electrical contact with the 
one of the plurality of M(x) copper regions previously 
exposed, and wherein an upper portion of the non-planar 
bottom Surface of the via is in contact with the manga 
nese silicate liner on the first dielectric layer; 

prior to filling the plurality of M(x) trenches, forming a 
second liner layer comprising cobalt or ruthenium; and 
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recessing the plurality of M(x) copper regions to a level 
below a top surface of the first dielectric layer compris 
ing removing a portion of the second liner layer to leave 
a portion the manganese silicate layer exposed on the 
shoulder region of the first dielectric layer. 5 

2. The method of claim 1 wherein the upper portion is 
wider than the lower portion. 

3. The method of claim 1, wherein annealing occurs at a 
process temperature ranging from about 100 degrees Celsius 
to about 450 degrees Celsius for a duration ranging from 10 
about 1 minute to about 60 minutes. 

4. The method of claim 1, wherein recessing the plurality of 
M(x) copper regions to a level below a top surface of the first 
dielectric layer comprises performing an over-polish opera 
tion with a chemical mechanical polish tool. 15 

5. The method of claim 4, wherein recessing the plurality of 
M(x) copper regions to a level below a top surface of the first 
dielectric layer further comprises a wet etch process. 

6. The method of claim 1, wherein recessing the plurality of 
M(x) copper regions to a level below a top surface of the first 20 
dielectric layer comprises recessing the plurality of M(x) 
copper regions to a level ranging from about 10 nanometers to 
about 30 nanometers below the top surface of the first dielec 
tric layer. 

7. The method of claim 1, whereinforming a blanket cap- 25 
ping layer comprises forming a layer comprising at least two 
of silicon, nitrogen and carbon. 

8. A method of forming a semiconductor structure, com 
prising: 

forming a plurality of M(x) trenches in a first dielectric 30 
layer thereby creating a shoulder region on a top Surface 
of the first dielectric layer: 

forming a manganese copper alloy seed layer on the first 
dielectric layer; 

filling the plurality of M(x) trenches with copper to form a 35 
plurality of M(x) copper regions; 

annealing the plurality of M(x) copper regions to form a 
manganese silicate liner between the first dielectric layer 
and the M(x) copper regions; 

recessing the plurality of M(x) copper regions to a level 40 
below a top surface of the first dielectric layer, thereby 
leaving the manganese silicate liner on the top surface of 
the first dielectric layer and forming a plurality recessed 
M(X) copper regions; 

forming a blanket capping layer over the manganese sili- 45 
cate liner on the top surface of the first dielectric layer 
and the plurality of recessed M(x) copper regions; 

forming a second dielectric layer over the blanket capping 
layer; 

forming an opening in the second dielectric layer and the 50 
blanket capping layer to expose one of the plurality of 
M(X) copper regions and an adjacent portion of the man 
ganese silicate liner on the top surface of the first dielec 
tric layer; 

filling the opening in the second dielectric layer with met- 55 
allurgy to form a via, wherein the via has a non-planar 
bottom Surface comprising a lower portion and an upper 
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portion, wherein the lower portion of the non-planar 
bottom surface of the via in electrical contact with the 
one of the plurality of M(x) copper regions previously 
exposed, and wherein an upper portion of the non-planar 
bottom Surface of the via is in contact with the manga 
nese silicate liner on the first dielectric layer; and 

forming metallurgy to form a via comprising forming a 
second manganese silicate liner on the second dielectric 
layer and filling the via with copper. 

9. A method of forming a semiconductor structure, com 
prising: 

forming a plurality of M(x) trenches in a first dielectric 
layer thereby creating a shoulder region on a top surface 
of the first dielectric layer; 

forming a manganese copper alloy seed layer on the first 
dielectric layer; 

filling the plurality of M(x) trenches with copper to form a 
plurality of M(x) copper regions; 

annealing the plurality of M(x) copper regions to form a 
manganese silicate liner between the first dielectric layer 
and the M(x) copper regions; 

recessing the plurality of M(x) copper regions to a level 
below a top surface of the first dielectric layer, thereby 
leaving the manganese silicate liner on the top Surface of 
the first dielectric layer and forming a plurality recessed 
M(X) copper regions; 

forming a blanket capping layer over the manganese sili 
cate liner on the top surface of the first dielectric layer 
and the plurality of recessed M(x) copper regions; 

forming a second dielectric layer over the blanket capping 
layer; 

forming an opening in the second dielectric layer and the 
blanket capping layer to expose one of the plurality of 
M(X) copper regions and an adjacent portion of the man 
ganese silicate liner on the top surface of the first dielec 
tric layer; 

filling the opening in the second dielectric layer with met 
allurgy to form a via, wherein the via has a non-planar 
bottom Surface comprising a lower portion and an upper 
portion, wherein the lower portion of the non-planar 
bottom surface of the via in electrical contact with the 
one of the plurality of M(x) copper regions previously 
exposed, and wherein an upper portion of the non-planar 
bottom Surface of the via is in contact with the manga 
nese silicate liner on the first dielectric layer; 

forming metallurgy to form a via comprising forming a 
second manganese silicate liner on the second dielectric 
layer and filling the via with copper; and 

forming a third liner comprising cobalt or ruthenium 
between the second manganese silicate liner and the 
copper filling the via, wherein the third liner is in direct 
contact with the M(x) copper region and the copper 
filling the via. 


